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Trembling aspen (Populus tremula L.) is one of the most resistant to cold natural species in Turkey. In spite of its 

importance, there is no research on the yield. Hence, site productivity was determined and yield Table for undisturbed natural 

trembling aspen stands in Turkey was developed. Data were obtained from a total of 46 plots ranging in age from 17 to 82 

years. Yield Table indicates that trembling aspen is very slow growing in young and middle age and Current Annual 

Increment (CAI) and Mean Annual Increment (MAI) values do not reach its maximum value, even at age 70. This is a proof 

that trembling aspen is not a fast growing species as expected.  The reason for its slow growth is attributed to very short 

period of growth at very high altitudes. However, in the event of 50 years rotation age, mean annual volume increments of 

8.0, 3.6 and 1.1 m3 are estimated for trembling aspen for site classes I, II and III, respectively. At extended rotations, trees of 

pole sizes could be obtained on all site classes.  

Keywords: Polymorphic method, Populus tremula L., site index, yield 

 

INTRODUCTION 

 

Growth models assist forest researchers and managers in 

many ways. Some important uses include the ability to 

predict future yields and to explore silvicultural options. 

Models provide an efficient way to prepare resource 

forecasts, and to explore management options and 

silvicultural alternatives (Vanclay, 1994).   

Forest managers have become interested in using growth and 

yield models to aid them in forest management planning 

(Cao, 1993). Intensive forest management requires accurate 

estimates of growth and yield for different levels of site 

quality. Growth models assist forest researchers and 

managers in many ways. Some important uses include the 

ability to predict future yield and to explore silvicultural 

options. Models provide an efficient way to prepare resource 

forecast, but a more important role may be their ability to 

explore management options and silvicultural alternatives 

(Vanclay, 1994). Growth and yield of forest stands is 

determined using tables containing values of height, 

diameter, number of trees, volume, etc., for different site and 

age classes. The tables are described using mathematical 

equations created with basic statistical analyses or developed 

as sets of curves drawn manually (Cieszewski et al., 2007).  

Growth models, in general, constitute recruitment, growth, 

and mortality models. They have traditionally been 

classified as stand models, individual tree models and stand 

class or diameter class models. Individual tree models are 

further classified as distance-dependent (spatial) or distance-

independent (non-spatial) models. Spatial models include a 

spatial competition measure. Competition is often expressed 

as a function of the distance between the subject tree and its 

neighbours as well as the size of the neighbours. Non-spatial 

models do not use spatial information to express 

competition, but they can use predictors (for example, stand 

basal area, mean diameter) which are measures for stand 

density and thus express overall competition in a stand 

(Pukkala, 1988; Vanclay, 1994). Stand class models (or 

Diameter class models) simulate several classes of trees and 

are a compromise between stand models (one class) and 

individual tree models (a class for each individual). The 

stand need not be partitioned into metric classes (e.g., 10 cm 

dbh classes); a more flexible partition may be used (e.g., 

“cohorts”, or groups of trees with similar species, size, and 

other characteristics) (Vanclay, 1995). Stand models often 

estimate growth and yield in terms of volume. They may 

also project values of other stand parameters such as basal 

area, mean diameter, height and number of trees per hectare. 

On the other hand, these are yield tables. A yield Table 

presents the anticipated yields from an even-aged stand at 

various ages, and is one of the oldest approaches to yield 

estimation. Normal yield tables provide estimates of 

expected yields tabulated by stand age and site index for 

ideal, fully stocked or normal forest stands. These were 

usually based on data derived from stem analyses and 

temporary plots, analyzed using graphical techniques. Yields 

were generally tabulated by age and site index but could also 

be presented as alignment charts. Normal yield tables may 

provide reliable estimates of potential yields for even-aged 

stands similar in character to those used in developing the 
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table, but may be less satisfactory for natural stands where 

age may vary considerably within stands (Misir and Misir, 

2007). 

Trembling aspen is a pioneer tree species, besides 

establishes stands at a very high altitudes because of its 

resistance to cold. Especially due to can establish in low-

temperature and high altitude regions, it has positive features 

compared to other species. 

Due to the low wood density and easy processing of 

trembling aspen wood is used as a very convenient and 

economical, especially in making fruit crates the country's 

economy has made great contributions in economic sense. 

Since the last half-century, these models have been 

developed for pure, natural, even-aged stands of major tree 

species such as spruce, beech, alder, oak and pine species in 

Turkey (Eraslan, 1954; Alemdag, 1962, 1967; Evcimen, 

1963; Kalıpsız, 1963; Akalp, 1978; Asan, 1984; Yeşil, 1992; 

Batu and Kapucu, 1995; Carus, 1998; Kapucu et al., 1999 

and 2002; Köse et al., 2001; Misir and Misir, 2007). 

However, growth and yield relationships for natural 

trembling aspen stands have not been investigated in Turkey 

and around the world. Only rotation ages, biomass of its 

plantations and crops and physiological and morphological 

adaptations of its seedlings in response to progressive 

drought stress.were investigated (Liesebach et al., 1999, 

Pellis et al., 2004, Zhang et al., 2004, Dillen et al., 2007, 

Przyborowski et al., 2012). Therefore, the development of 

yield and growth for trembling aspen stands is obviously 

needed. 

The major objective of this study was to determine site 

productivity and yield of pure, even-aged and undisturbed 

natural trembling aspen stands in Turkey to administer as a 

base for forest management and silvicultural planning 

models. 

 

MATERIAL AND METHODS 

 

Study area: Trembling aspen (Populus tremula L.) is one of 

the most resistant to cold and economically broadleaved 

species covering considerable areas. In Turkey, trembling 

aspen stands occupy about an area of 26 000 hectares. About 

three-eight of this area is comprised of pure, even-aged 

trembling aspen stands and the rest are mixed stands mostly 

with other species (scotch pine and oak species). 

This study was conducted in undisturbed natural trembling 

aspen stands in East and North Anatolia region in Turkey 

(Fig. 1). Altitude of this area ranges from 500 m to 2000 m 

above the sea level with slope of 40%.  

 
Figure 1. Study area and distribution of Populus tremula 

L. in Turkey 
 

Data collection: Plots received from undisturbed and natural 

stands were stratified into 10-year age classes and sampled 

with an effort to equal allocation of at least three sample 

plots to each age group. For each age group, effort was also 

made to include all site quality.  

The data were obtained from 46 sample plots, covering the 

existing range of stand sites in even-aged and undisturbed 

natural trembling aspen stands in East and North Anatolia in 

Turkey. The plot size ranged from 400 m2 to 800 m2 to 

achieve a minimum of 30 trees per plot. For each plots, all 

trees were measured for diameter at breast height (dbh), 

diameter at stump level, total height, age, and age at breast 

height. Tree height (h) was measured using Vertex III height 

meter and in additional measurement including the dominant 

trees. In all plots slope, altitude and aspect were also 

measured.  

Ten to twelve well-formed, uninjured trees in different size 

were selected at random from each plot to estimate single 

entry, double entry tree volume and site index curves. Total 

541 trees were felled. Stem analysis was made at the 46 of 

them. In the rests were cut in logs of different length and 

diameter at the stump level, stump length, length and 

diameters of the logs were measured. 433 sample trees were 

used in parameter estimating to develop volume models 

(single or double-entry). The control data set including 108 

trees were used for model validation (Table 1). 

 

METHODS 

 

Tree volume estimation for trembling aspen: Total volume 

of each sample tree (V, m3) was computed using Smalian’s 

Table 1. Some characteristics for sample trees 

 Model data set (n=433) Control data set (n=108) 

 Minimum Maximum Mean SD Minimum Maximum Mean SD 

dbh (cm), d 6.3 40.6 19.7 7.45 7.2 40.1 18.4 7.02 

Height (m), h 5.5 19.6 12.2 3.08 6.1 19.3 12.4 3.15 

Volume (m3), V 0.003 1.18 0.05 0.08 0.004 1.21 0.05 0.09 
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formula, due to its simplicity and convenience of 

measurements taken on the sampled trees: 
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Where dsl is diameter at the stump level (cm), lsl is the stump 

length (0.30 m), d1,d2,…,dn are diameters of the logs (cm), 

l1,l2,…,ln-1 are the log lengths (m), dup is diameter at the 

center of the up log (cm), lup is the up log length (m). 

Thus, the total volume of the each tree was calculated as the 

sum of all the separate volumes. Table 1 presents the 

summary statistics for the 541 sample trees used in the 

study. 

It is assume that tree volume is a function of tree size (dbh, 

tree height). In this study, volume (V, m3) was selected as 

dependent variables all the cases, dbh (cm) and/or height (m) 

were selected as independent variables. Four models with 

dbh as the independent variable were tried, while eight 

models with both dbh and height as independent variables 

were used (Table 2).  

 

Table 2. Mathematical models tried on aspen samples to 

estimate tree volume 
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The model forms were used to develop parameter estimates 

for the 433 trees using least-square regression and another 

data set 108 trees was used for model validation. For each 

regression model, the normality of distribution of residuals 

was checked by using Paired samples t-test. The best model 

was chosen according to a set of statistics including the 

following issues: the largest coefficient of determination 

(R2), statistical significance of the coefficients, and least root 

mean square due to error (RMSE). 

Stand age, quadratic mean diameter ( qd ), mean height 

( qh ), standing volume per hectare (V), basal area (BA), and 

number of trees per hectare (N) were based on individual 

trees measured on the sample plots. The standing volume 

and basal area of trembling aspen stands was on average 139 

m3/ha and 25.4m2/ha, respectively. The age of sample plots 

ranged from 23 to 82 years (Table 3).  

 

Table 3. Summary of characteristics of the sample plots 

Variable Mean Min. Max. Std. 

dev. 

Age (years), t 48.3 23 82 14.11 

Number of trees/ha, N 1818 525 3600 772 

Mean height (m), qh  
9.90 4.3 16.3 2.85 

Top height (m), h0 11.5 5.4 18.2 4.85 

Quadratic mean 

diameter (cm), qd  

11.3 4.5 21.4 4.23 

Basal area (m2/ha), BA 25.4 3.7 62 14.03 

Volume (m3/ha), V 139 13 485 97.63 

Site Index, SI 8.28 4.46 16.2 2.44 

 

In this study, the age of the each plot (t) was calculated as 

breast-height age:1 





k

1j
j k/)t(t    (2) 

where tj is the breast-height age of tree j (years) and  k the 

number of trees measured age on the plot.  

 The top height of the each plot (h0) was defined as the mean 

height of sampled dominant trees with measured heights 

based on 100 largest trees per hectare:  





l

1j
j0 l/)h(h     (3) 

where hj is the height of tree j and l the number of trees 

measured height on the plot. 

The quadratic mean diameter ( qd ) for the each plot based 

on the dbh of tree of average basal area was calculated as: 

n/)d(d
n

1j

2
jq 



    (4) 

where dj is dbh of stem j and n number of stems on the plot. 

The tree variables most frequently used in management 

plans and measured in inventories are diameter and height. 

Measuring tree height can be time consuming and costly, 

whereas tree diameter can be easily measured at little cost. 
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Where both height and diameter measurements are available 

for a sample of trees, height-diameter relationship models 

are used to estimate the height of other trees measured only 

for diameter belonging to the same plot (Sharma and Parton, 

2007; Adame et al., 2008).  

The height-diameter equations for the each plot were 

described using trees measured dbh and height (at least 30 

trees) on the plot: 
2
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where h is the height (m), d is the dbh (cm) and b0, b1, and b2 

are parameters. The best model for the each plot was chosen 

according to a set of statistics including to following issues: 

the highest coefficient of determination (R2), statistical 

significance of the coefficients, and least root mean square 

error (RMSE).  

The mean height ( qh ) for the each plot was obtained as the 

height value corresponding to the quadratic mean diameter 

on the diameter-height curve of the each plot. 

Number of trees/ha (N) was obtained with the following 

expression: 

n
A

10000
N     (13) 

where A is size of the plot. Basal area (BA) and volume (V) 

per hectare were calculated with the following expressions: 
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where vj is volume of stem j obtained by using the volume 

tables and height-diameter curves developed above.  

Normality Control: Normality control was made to 

determine whether sample stands are untreated or not. The 

relationship between mean diameter and number of trees 

according to Reineke (1933) was developed. After it was 

concluded that all sample plots remained within upper and 

lower 95% confidence interval, other phases were continued 

with the 46 sample plots.  

Site index: Site index provides estimates of relative site 

potentials for a given species by relating tree height to age 

and is a proven and practical means of estimating relative 

potential productivity of forest areas (Dolph, 1991). Heights 

of dominant trees and ages are more closely related to 

product capacity of a site (Spurr and Barnes, 1980). In this 

study, in the determination of site productivity was used 

polymorphic method based on ages and heights of dominant 

trees. For this reason, stem analysis was made in forty-six 

trees that all of which are dominant trees at one per each 

plot.  

Site index models can be linear and nonlinear. Linear 

models are less flexible, but nonlinear models are generally 

more flexible. Most of the nonlinear models used in forestry 

are based on either fractional functions or various 

modifications of the exponential function (Cieszewski and 

Bella, 1989; Pienaar and Turnbull, 1973; Tewari and Kumar, 

2002). In this study, four different models including 

developed by Bailey and Clutter (1974) and Zeide (1993) 

were tested on site index equation.  

2
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where h0 is the top height (m) and b0, b1, b2 parameters. The 

model resulting in the highest R2, the lowest standard error 

(RMSE), and smallest average bias and its standard 

deviation was selected as the best model for each site class. 

Yield models: The purpose of using a growth model is to 

make reasonable predictions about tree growth and stand 

development (Kangur et al., 2007). The stand characteristics 

in this study: age, quadratic mean diameter, mean height, 

number of stems per hectare, stand basal area, volume, and 

site index. Table 1 shows the average values and the ranges 

of the variables. 

In preparing yield models, a general yield equation was not 

used. The measures of yield were prepared based on age, site 

index and their transformation (Table 2). While these are 

possible predictors, insignificant predictors were not noticed. 

All predictors had to be significant at the 0.05 level without 

any systematic errors in residuals. The parameters of the 

yield models were determined using Stepwise Regression 

Analysis in SPSS software v.20.0 (SPSS Inc., 2011). Only 

were variables which were significant (P < 0.05) included in 

yield models. The predictive abilities of the selected models 

were evaluated using coefficient of determination ( 2R ), bias 

and root mean square error (RMSE). 

The yield models were as follows. 

tSd 10q     (20) 

tS)tS(n)h(n 210q     (21) 
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tS)N(n 10    (22) 

)tS(n)BA(n 10      (23) 

)tS(nnV 10     (24) 

where qd is mean diameter (cm), qh is mean height (m), N 

is number of trees, BA is basal area (m2 per ha), V  is 

standing volume (m3 per ha),  t and S is stand age (years) 

and site index (m), respectively. 

Removed Stand Volume: The number of removed tree 

(Nremoved) was calculated as a difference of the number of 

trees in the consecutive periods. The relation between mean 

diameter/height in the removed and standing stand was 

developed. Mean individual tree volume of the removed 

stand (vremoved) was obtained by using the double-entry 

equation developed using diameter ( removedd ) 

measurements done in removed stand.  The removed volume 

(Vremoved) was estimated by multiplying the number of 

removed tree (Nremoved) and the mean tree volume (vremoved). 

q10removed d/d    (25) 

The total volume (VT) were obtained by collecting the 

standing volume (V) and the volume removed (Vr) : 

 rVVVT    (26) 

Mean annual volume increment (MAI) was determined as 

the ratio of the volume yield model to age. The Current 

Annual growth Increment (CAI) was obtained as a 

derivative of volume yield model with respect to age. From 

these, the ages of maximum MAI and CAI were determined.  

Statistical Analysis: The parameters of the volume and yield 

models were determined using Stepwise Regression 

Analysis in SPSS software version 20.1 (SPSS Inc., 2011). 

Only variables which were significant (P<0.05) included in 

volume and yield models. After parameters estimate were 

obtained, the predictive abilities of the selected models were 

evaluated using coefficient of determination for linear and 

non-linear regression ( 2R ), the bias and root mean square 

error (RMSE) criteria, the asymptotic t-statistics of the 

parameters and the asymptotic 95% confidence intervals.  

 

RESULTS 

 

Volume equations for trembling aspen wood: The single-

entry and double-entry volume equations are as follows were 

chosen: 

dog135.0dog969.0ogd0931.1483.3V 42    (27) 

dog166.0h043.0dog801.0ogd044.1568.3ogV 42  
 

(28) 

All parameters in the volume models according to the 

regression results were significant at the probability level of 

0.001. Coefficient of determination, standard error, percent 

error, percent absolute error, and Durbin-Watson test value 

of chosen single-entry and double-entry volume equations 

were 0.987 and 0.998, 0.08 m3 and 0.012 m3, -1.5 % and -0.3 

%, 13.3 % and 7.1 %, 1.85 and 1.96 respectively. Both 

equations have the highest coefficient of determination, the 

lowest standard error and random residuals are indicators of 

a good fitting. Student’ paired t-test gave no evidence lack of 

fit between predicted and observed volume values for both 

volume equations (tsingle-entry = 0.971 P>0.05 and tdouble-entry = 

0.711, P > 0.05). Thus, it was concluded that chosen both 

volume equations could be used for all natural trembling 

aspen stands in Turkey.  

Height-diameter equations: Height-diameter equations 

chosen each sample plots were given in Table 4. 

Site index curves: The site index curves for all site quality 

are as follows were chosen: 

2
I t00179.0t526.025.1h    (R 2= 0.97, 

S.E= 0.82, Fh = 1763)   (29) 

2
II t00086.0t34.054.0h    (R2 = 0.96, S.E. 

= 0.88, Fh = 13082)  (30) 

2
III t00107.0t277.0073.1h   (R2 = 0.88, Sy.x 

= 1.45, Fh = 3357)  (31) 

 

These curves give a mean height of 9.5 m for a reference age 

of 30 years for site class II. Site index (SI) 9.5 was defined 

as average. Three polymorphic curves each separated at the 

age of 30 years by 4 m. Thus, site qualities used were 13.5, 

9.5, and 5.5, showing that at 30 years of age. The results of 

the relationship are presented Fig. 2. The number of sample 

trees taking site classes I, II and III are 5, 23 and 18, 

respectively. The site index for each plot was estimated 

using the polymorphic curves.  

 

 
Figure 2. Polymorphic curves of site classes. 

 

Yield models: The coefficients for all yield models were 

given in Table 5. All parameters estimates were highly 

significant (P <0.001) in yield models. The yield Table for 

site qualityies 13.5, 9.5, and 5.5 m, respectively was 

presented in Table 6. Mean diameter, basal area, number of 
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Table 4. Height-diameter equations for each sample plot 

Plot Equation No. b0 b1 b2 b3 R2 (%) S.E. F P 

1 9 3.32 0.44   44.9 0.15 43 < 0.001 

2 11 1.17 2.19   59.8 0.67 67 " 

3 11 1.02 2.16   56.0 0.58 37 " 

4 16 2.58 -4.37   84.7 0.10 156 " 

5 9 2.09 0.52   69.7 0.13 74 " 

6 9 1.32 0.74   79.0 0.17 106 " 

7 15 0.95 1.01 -0.02 0.00001 92.1 1.27 109 " 

8 14 1.01 0.82 -0.01  96.7 0.74 395 " 

9 14 0.75 0.82 -0.01  94.2 0.96 221 " 

10 16 3.04 -8.27   91.7 0.16 286 " 

11 9 2.29 0.54   92.7 0.11 366 " 

12 9 1.69 0.70   91.8 0.13 259 " 

13 9 1.61 0.53   96.9 0.09 950 " 

14 9 2.60 0.50   91.7 0.09 332 " 

15 11 0.95 3.08   81.6 0.84 120 " 

16 14 0.0440 0.9988 -0.0178  93.6 0.98 204 " 

17 11 0.5059 3.4787   96.9 0.52 925 " 

18 14 0.7910 0.6636 -0.0108  88.1 0.75 104 " 

19 14 0.7106 0.8678 -0.0169  90.5 0.77 133 " 

20 14 1.3855 0.8771 -0.0201  77.3 1.10 43 " 

21 14 1.8051 0.8881 -0.0186  89.3 0.80 92 " 

22 15 2.4351 0.5399 0.0893 -0.0057 89.4 0.92 76 " 

23 14 0.8341 1.0765 -0.0279  92.1 0.83 169 " 

24 8 2.5750 -4.4590   84.7 0.84 150 " 

25 15 0.3920 1.7299 -0.0804 0.0012 88.6 0.89 72 " 

26 14 0.2891 1.2444 -0.0314  86.1 1.04 80 " 

27 14 1.3118 0.8119 -0.0120  90.2 1.37 119 " 

28 15 0.2049 1.7331 -0.0796 0.0012 88.8 0.94 74 " 

29 15 1.5147 1.1133 -0.0390 0.0005 90.7 0.99 81 " 

30 14 1.3238 1.3522 -0.0346  91.2 1.08 145 " 

31 8 19.9354 -83.451   66.6 1.21 62 " 

32 8 21.4869 -86.272   53.4 1.17 33 " 

33 8 18.0316 -58.422   80.8 0.98 122 " 

34 14 0.8175 1.5553 -0.0605  88.4 0.74 122 " 

35 15 -1.8682 2.2078 -0.1236 0.0024 93.6 0.54 150 " 

36 8 10.7133 -18.907   91.8 0.45 345 " 

37 14 -0.6474 1.6459 -0.0619  86.2 0.76 94 " 

38 14 -0.5157 1.9628 -0.1156  88.0 0.56 107 " 

39 8 16.5527 -51.060   82.3 0.63 131 " 

40 14 1.3548 1.3612 -0.0381  79.7 1.10 53 " 

41 15 -3.5954 2.1473 -0.0803 0.0010 82.9 1.40 42 " 

42 15 -4.5238 3.0297 -0.1793 0.0033 85.7 1.05 64 " 

43 8 15.7048 -44.642   63.0 0.63 53 " 

44 8 16.5520 -47.060   75.7 1.06 72 P<0.05 

45 14 6.8739 0.6906 -0.0117  65.3 0.54 24 " 

46 8 21.7101 -109.45   66.1 2.21 62 " 
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Table 5. Regression coefficients for each yield models. 

Equation b0 b1 b2 b3 R2 SE F P 

N 8.395 -0.01   0.797 0.303  < 0.001 

qd  -0.548 0.120   0.843 5.303  < 0.001 

qh  -7.225 1.779 -0.0027  0.968 0.076  < 0.001 

BA -5.346 1.396   0.974 0.114  < 0.001 

V -7.745 2.102   0.969 0.189  < 0.001 

dremoved 5.925 -13.281   0.542 0.286  < 0.01 

Vremoved -3.929 2.207 0.535 0.154 0.973 0.106  < 0.001 

 

Table 6. Yield tables for trembling aspen natural stands 

Site quality 13.5 

Age 

(Years) 

Main stand Removed stand Total yield 

N qd  qh  BA V  Nr Vr TVr VT MAI CAI 

10 3411 2.6 4.1 9.3 9     9 0.9  

20 2629 5.7 6.7 16.1 46  782 2.3 2.3 48 2.4 3.9 

30 2027 8.8 10.2 26.3 118  603 2.7 4.9 123 4.1 7.5 

40 1562 11.9 14.8 32.7 231  464 2.6 7.5 239 6.0 11.6 

50 1204 15.1 20.5 40.8 390  358 2.3 9.8 399 8.0 16.1 

60 928 18.2 27.6 49.7 596  276 1.9 11.7 608 10.1 20.9 

70 716 21.3 36.3 59.1 855  213 1.6 13.3 868 12.4 26.0 

Site quality 9.5 

10 3533 2.2 3.7 6.2 4    4 0.4  

20 2821 4.9 5.3 11.8 20 712 1.7 1.7 22 1.1 1.8 

30 2252 7.6 7.3 17.2 52 569 2.2 3.9 56 1.9 3.4 

40 1798 10.3 9.6 23.4 102 454 2.3 6.2 108 2.7 5.2 

50 1436 13.0 12.3 30.8 171 362 2.1 8.3 180 3.6 7.2 

60 1146 15.7 15.4 38.8 262 289 1.9 10.2 273 4.5 9.3 

70 915 18.4 18.9 47.1 376 231 1.6 11.8 388 5.5 11.5 

Site quality 5.5 

10 3731 1.5 3.2 1.0 1    1 0.1  

20 3147 3.5 4.0 2.8 6 585 0.8 0.8 6 0.3 0.5 

30 2653 5.6 4.8 5.1 14 493 1.4 2.2 17 0.6 1.0 

40 2237 7.6 5.6 7.8 28 416 1.6 3.9 32 0.8 1.6 

50 1887 9.7 6.4 10.9 48 351 1.7 5.5 53 1.1 2.1 

60 1591 11.7 7.3 14.4 73 296 1.6 7.2 80 1.3 2.7 

70 1342 13.8 8.2 18.2 105 249 1.5 8.7 114 1.6 3.3 

qd is mean diameter (cm), qh mean height (m), N number of trees, BA basal area (m2 per ha), V standing volume (m3 per 

ha), t stand age (years), S site index (m), Nr number of trres of removed stand, Vr removed volume (m3 per ha), TVr total 

volüme of removed stand (m3 per ha), MAI mean annual increment (m3 per ha) and CAI current annual increment (m3 per ha)  

 

trees and standing volume of trembling aspen natural stands 

were given for different site qualities (Fig. 3). This Fig. 

provides useful information for forest management and 

enables rapid and schematic comparisons to be made of the 

evolution of these important variables, according to site 

quality and stand age. 

The peak ages for the mean annual increments (MAI) are 

considered as biologically optimum rotation ages. However, 

the current and mean annual increment (CAI and MAI) 

values of trembling aspen do not reach its maximum value, 

even at the age of 70 (Fig. 4).  
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Figure 4. CAI and MAI for different site qualities of 

natural trembling aspen stands. 

 

DISCUSSION 

 

Fig. 2 reflects all of the advantages of the polymorphic 

method. Addition, as pointed out in Misir and Misir (2007) 

site classification based on these curves could be reliably 

adopted for management purposes. 

The yield Table (Table 6) shows that electric poles could be 

obtained from 40 years of in all site classes. However, it may 

be possible to obtain even log at extended rotation ages. This 

Table could be easily and reliably used as a guide for 

managing natural trembling aspen stands.  

The obtained results are consistent with known growth rules. 

CAI increases for each of all site classes with age. MAI for 

standing volume and total volume depending on age and site 

quality are in a continuous increase. At the age of 50, MAI 

of 8.0, 3.6 and 1.1 m3 are estimated for trembling aspen for 

site classes I, II and III, respectively (Fig. 5).  

That trembling aspen have grown very slowly a young and 

middle age and both the current and mean annual increments 

(CAI and MAI) can not reach the maximum value even at 

age 70 is clear from yield Table constructed within the scope 

of this study. This situation is proof of trembling aspen do 

not grow as expected, a fast. Yet, trembling aspen stands 

have very short growth periods due to take place at higher 

altitudes negatively affects their growth. It is possible to say 

that natural trembling aspen stands in Turkey are a level not 

to be underestimated in terms of yield strength despite all 

these adverse conditions.  

 (a)             (b) 

            
 

 (c)             (c) 

            

Figure 3. Mean diameter (a), basal area (b), number of trees (c) and standing volume (d) models for different age 

and site classes of natural trembling aspen stands  
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Figure 5. Total volume for medium site class of fully 

stocked natural trembling aspen, chestnut, 

alder, ash and brutian pine stands 

 

The total volumes are estimated 399 m3, 180 m3 and 53 m3, 

respectively for site classes I, II and III. In the event of 50 

years rotation age, depending on rotation age, while in the 

best site class, on average, consists of a volume 399 m3, 

according to site class I is composed of 45% and 13% of 

total volume in site class II and III, respectively (Fig. 5).  

Standing volume of fully stocked trembling aspen stands in 

medium site are less than chestnut (Kapucu et al., 2002), 

alder (Batu and Kapucu, 1995) and ash (Kapucu et al., 1999) 

having same stand structure along their life. However, 

trembling aspen catches brutian pine (Alemdağ, 1962) at the 

age of 50 and then it passes it (Fig. 6). Considering total 

volume, trembling aspen has less volume than compared all 

species (Fig. 5). 

 

 
Figure 6. Standing volume for medium site class of fully 

stocked natural trembling aspen, chestnut, 

alder, ash and brutian pine stands 

 

Compared with other fast growing natural species such as 

chestnut, alder, ash and brutian pine, trembling aspen is 

outstanding as the slow growing tree species in Turkey 

having the lowest MAI of 1.9 m3/ha at the age of 30 for 

medium site class. The chestnut, alder, ash and brutian pine 

have volume increment of 13.7 m3/ha, 12.6 m3/ha, 10.5 

m3/ha and 3.7 m3/ha, respectively, at the age of 30 for 

medium site class. Chestnut is the most growing natural 

species with a high MAI value of 14.7 m3/ha at the age of 24. 

Alder and ash follow it with the age of 30. Trembling aspen 

is the most similar to brutian pine. However, trembling 

aspen has less volume increment than it at every age (Fig.7). 

 

(a) 

 
(b) 

 
(c) 

 
Figure 7. CAI and MAI for different site quality of fully 

stocked natural trembling aspen, chestnut, 

alder, ash and brutian pine stands  
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Conclusions: The site curves in Fig. 2 could be reliably 

adopted for the management of natural trembling aspen 

stands. At the reference age of 30, average site indices of 

13.5, 9.5 and 5.5 m are estimated for fully stocked trembling 

aspen stands for site classes I, II and III, respectively. 

Trembling aspen is very slow growing especially in young 

and middle age. The CAI and MAI values do not reach its 

maximum value, even at age 70. This is a proof trembling 

aspen is not a species of fast growing as expected.  The 

reason for this is that a very short period of growth due to 

the trembling aspen in Turkey is very high altitudes. 

However, the rotation age is 50 years for trembling aspen 

stands in Turkey and in that case the estimated volumes for 

site classes II and III are 45 % and 13 % of the volume for 

site class I, respectively. Although trembling aspen has a 

lower volume increment than chestnut, alder and ash in the 

earlier years of the developmental stages, it has higher rate 

of volume increment than them, in advanced stages. 

Trembling aspen has lower values than other species with 

respect to main stand and total stand mean annual increment 

values. However, given that it is a slow growing species, the 

volume increment it has can be considered quite substantial. 
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